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OPTIMIZATION CALCULATION METHOD predetermined offset based on an attribute of each indi 
AND INFORMATION PROCESSING vidual , which is generated by a mutation generating process 

APPARATUS of generating a mutation , among individuals having the 
evaluation results satisfying the constraint condition value of 

CROSS - REFERENCE TO RELATED 5 the current generation ; and adding the predetermined offset 
APPLICATION to a random number used to generate each individual of a 

next generation by the mutation generating process . 
This application is based upon and claims the benefit of The object and advantages of the invention will be 

the prior Japanese Patent Application No. 2018-243292 , realized and attained by means of the elements and combi 
filed on Dec. 26 , 2018 , the entire contents of which are nations particularly pointed out in the claims . It is to be 
incorporated herein by reference . understood that both the foregoing general description and 

the following detailed description are exemplary and 
FIELD explanatory and are not restrictive of the invention , as 

claimed . The embodiments discussed herein are related to an 
optimization calculation method and an information pro BRIEF DESCRIPTION OF DRAWINGS cessing apparatus . 

FIG . 1 is a view illustrating the configuration of an BACKGROUND information processing system 10 ; 
In the related art , there has been proposed an algorithm of FIG . 2 is a view for explaining a specific example of a 

finding an optimal solution such as a genetic algorithm while problem in which a solution is calculated by an optimization 
evolving a plurality of solution candidates ( hereinafter , also calculation process ; 
referred to as individuals ) . In such an algorithm , it is general FIG . 3 is a view for explaining a specific example of a 
that a constraint condition is given to each design variable 25 problem in which a solution is calculated by an optimization 
and an objective function is calculated by performing an calculation process ; 
individual simulation ( hereinafter , also referred to as an FIG . 4 is a view for explaining a specific example of a 
evaluation ) based on the constraint condition . problem in which a solution is calculated by an optimization 

In the meantime , in a case of a problem in which calculation process ; 
nonconformity to the constraint condition of each individual 30 FIG . 5 is a view for explaining a specific example of a 
is found after the evaluation , the objective function obtained problem in which a solution is calculated by an optimization 
by the evaluation necessarily includes a nonconforming calculation process ; 
objective function . For this reason , in this case , for example , FIG . 6 is a view for explaining a specific example of a 
a designer adopts a method of calculating objective func- problem in which a solution is calculated by an optimization 
tions by generating and evaluating a large number of child 35 calculation process ; 
individuals in advance , and extracting those satisfying the FIG . 7 is a view for explaining a hardware configuration 
constraint condition ( constraint condition found after the of an information processing apparatus 1 ; 
evaluation ) from the calculated objective functions . FIG . 8 is a functional block diagram of the information 

Related techniques are disclosed in , for example , Japa- processing apparatus 1 ; 
nese Laid - open Patent Publication No. 11-085720 and Japa- 40 FIG . 9 is a flowchart for explaining an outline of an 
nese Laid - open Patent Publication No. 2003-248810 . optimization calculation process according to a first embodi 

However , when the above method is adopted , a case may ment ; 
occur where the dependence on an initial value becomes FIG . 10 is a flowchart for explaining details of the 
larger or a case where excessive number of individuals are optimization calculation process according to the first 
evaluated . Further , the above method has many aspects that 45 embodiment ; 
depend on repetitive work by trial and error and the expe- FIG . 11 is a flowchart for explaining details of the 
rience of the designer . Therefore , there may be a case where optimization calculation process according to the first 
the designer is not able to adopt the above method from the embodiment ; 
viewpoint of work efficiency and reproducibility . FIG . 12 is a flowchart for explaining details of the 

50 optimization calculation process according to the first 
SUMMARY embodiment ; 

FIG . 13 is a flowchart for explaining details of the 
According to an aspect of the embodiments , an optimi- optimization calculation process according to the first 

zation calculation method includes : generating , by a com- embodiment ; 
puter , individuals of a current generation with an individual 55 FIG . 14 is a flowchart for explaining details of the 
selected in a previous generation as a parent individual by optimization calculation process according to the first 
using an algorithm that obtains an optimal solution while embodiment ; 
evolving a plurality of individuals for each generation ; FIG . 15 is a view for explaining a specific example of sign 
evaluating each individual of the current generation by using information 132 ; 
a predetermined evaluation function ; calculating a constraint 60 FIG . 16 is a view for explaining a specific example of sign 
condition value of the current generation based on a con- information 132 ; 
straint condition value of the previous generation and a FIG . 17 is a view for explaining a specific example of a 
constraint condition provisional value which is achieved by process of S31 ; 
more than half of the individuals of the current generation ; FIG . 18 is a view for explaining a specific example of a 
determining whether a result of the evaluation for each 65 process of S32 ; 
individual of the current generation satisfies the constraint FIG . 19 is a view for explaining a specific example of a 
condition value of the current generation ; determining a process of S34 ; 
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FIGS . 20A to 20D are views for explaining a specific illustrated in FIGS . 4 and 5 ) of the E - type core 22 and the 
example of a method of determining the offset amount of an I - type core 23 and the lower limit of the inductance as a 
offset na corresponding to a design variable A ; constraint condition . Therefore , in this example , each of the 
FIG . 21 is a view for explaining details of a process of loss and the volume is an objective function . 

S53 ; and Next , an optimization calculation process ( dimension 
FIG . 22 is a view for explaining results that are obtained optimization process ) of the inductor core will be described . 

when the optimization calculation process according to the FIG . 6 is a view for explaining the dimension optimization 
present embodiment is applied to optimization of the shape process of the inductor core . Specifically , FIG . 6 is a view 
of an inductor core . illustrating a process performed in the i - th generation . The 

10 information processing apparatus 1 performs an optimal 
DESCRIPTION OF EMBODIMENTS design using , for example , a magnetic field simulation based 

on a three - dimensional model . 
< Configuration of Information Processing System > As illustrated in FIG . 6 , the information processing appa 
First , the configuration of an information processing ratus 1 generates individuals of the i - th generation ( see the 

system 10 will be described . FIG . 1 is a view for explaining 15 sign “ ( P1 ) ” in FIG . 6 ) , and assigns A to J , which are 
the configuration of the information processing system 10 . dimensions of the individuals , as design variables ( see the 

The information processing system 10 illustrated in FIG . sign “ ( P2 ) ” in FIG . 6 ) . Then , when the dimension of each 
1 includes an information processing apparatus 1 ( hereinaf- individual deviates from a constraint condition , the infor 
ter , also referred to as an optimization calculation apparatus mation processing apparatus 1 corrects a dimension param 
1 ) and an operation terminal 2. The operation terminal 2 may 20 eter in accordance with the constraint condition by applying 
access the information processing apparatus 1 via a network a limit with the upper and lower limit values of the dimen 
NW . sion ( see the sign “ ( P3 ) ” in FIG . 6 ) . As a result , the design 

The operation terminal 2 is , for example , one or more PCs variables are changed to A ' to J ' ( see the sign “ ( P4 ) ” in FIG . 
( Personal Computers ) and is a terminal on which a designer 6 ) . At this point of time , the volume ( V ) , which is one of the 
operates the information processing apparatus 1 . 25 objective functions , may be calculated ( see the sign “ ( P5 ) ” 

The information processing apparatus 1 is an apparatus in FIG . 6 ) . 
that is composed of , for example , one or more physical Subsequently , the information processing apparatus 1 
machines and performs a process for calculating a solution calculates an inductance ( L ) , which is one of the constraint 
to a predetermined problem ( hereinafter , also referred to as conditions , and a loss ( P ) which is an objective function , by 
an optimization calculation process ) using a genetic algo- 30 performing a magnetic field simulation ( see the signs “ ( P6 ) " 
rithm . Specifically , the information processing apparatus 1 and “ ( P7 ) ” in FIG . 6 ) . 
acquires , for example , a solution ( optimum solution ) of a Thereafter , the information processing apparatus 1 per 
problem , which is found after evaluation of nonconformity forms an application determination on the loss ( P ) , which is 
to the constraint condition of each individual , by dynami- one of the objective functions , based on the inductance ( L ) , 
cally changing the constraint condition for each generation . 35 which is one of the constraint conditions found by executing 

[ Specific Examples of Problem ] the magnetic field simulation ( see the sign “ ( P8 ) ” in FIG . 6 ) . 
Next , specific examples of a problem in which a solution Specifically , the information processing apparatus 1 deter 

is calculated by the optimization calculation process will be mines whether the inductance value calculated by the simu 
described . FIGS . 2 to 6 are views illustrating specific lation is equal to or larger than a preset constraint condition 
examples of a problem in which a solution is calculated by 40 value L ; for each individual of the i - th generation . 
the optimization calculation process . Specifically , FIGS . 2 to As a result , when determining that the inductance value 
6 illustrate specific examples of a problem of optimization of calculated by the simulation is equal to or larger than the 
the shape of an inductor core that is one of magnetic devices . constraint condition value L? , the information processing 

First , an example of an inductor core will be described . apparatus 1 determines that the individual is applicable . In 
FIGS . 2 to 5 are views illustrating an example of an inductor 45 the meantime , when determining that the inductance value 
core . Specifically , FIG . 2 is a perspective view of the calculated by the simulation is smaller than the constraint 
inductor core , and FIG . 3 is a front view of the inductor core . condition value L? , the information processing apparatus 1 
Further , FIG . 4 is a plan view and a front view of an E - type determines that the individual is inapplicable . 
core illustrated in FIGS . 2 and 3 , respectively , and FIG . 5 is Here , in the case of the method described with reference 
a plan view and a front view of an I - type core illustrated in 50 to FIGS . 2 to 6 , the designer needs to generate and evaluate 
FIGS . 2 and 3 , respectively . a large number of child individuals in advance in order to 
As illustrated in FIGS . 2 to 5 , the inductor core 20 reach the required number of individuals that satisfy the 

includes an E - type core 22 and an I - type core 23 , which are constraint conditions . Therefore , there may be a case where 
made of a ferrite - based magnetic material , and a coil 21 the designer evaluates an excessive number of individuals . 
wound around a central leg of the E - type core 22. When a 55 In addition , in many aspects , this method relies on repetitive 
current is caused to flow through the coil 21 , a magnetic flux work by trial and error and the experience of the designer . 
is generated to produce an inductance ( L value ) required for Therefore , the designer may not be able to adopt this method 
an electrical circuit . from the viewpoint of work efficiency and reproducibility . 

The inductor core 20 is used as a component of a circuit . Therefore , the information processing apparatus 1 accord 
Therefore , the inductor core 20 is required to satisfy a 60 ing to the present embodiment utilizes an algorithm such as 
desired inductance value , to be within a predetermined a genetic algorithm for obtaining an optimal solution while 
dimension , and to be as small as possible in loss and volume evolving a plurality of individuals for each generation to 
( weight ) inside the magnetic body . For example , the infor- generate individuals of the current generation with an indi 
mation processing apparatus 1 solves the design optimiza- vidual selected in the previous generation as a parent indi 
tion problem of the inductor core 20 , and finds the minimum 65 vidual . Then , the information processing apparatus 1 uses a 
values of the loss and volume of the inductor core 20 with predetermined evaluation function to evaluate each indi 
the upper and lower limits of the dimensions ( A to J vidual of the current generation . Thereafter , a constraint 

a 

9 

a 

2 



2 

a 

US 11,386,332 B2 
5 6 

condition value of the current generation is calculated based The CPU 101 performs an optimization calculation pro 
on a constraint condition value of the previous generation cess by executing the program 110 loaded from the storage 
and a constraint condition provisional value which achieves medium 104 into the memory 102 . 
more than half of the individuals of the current generation . The external interface 103 communicates with the opera 

In other words , the genetic algorithm generates individu- 5 tion terminal 2 via , for example , the network NW . 
als of the next generation by generating a population ( e.g. , < Functions of Information Processing System > 
a population composed of tens to hundreds of individuals ) Next , functions of the information processing system 10 
for each generation and performing a crossover or a muta- will be described . FIG . 8 is a functional block diagram of the 
tion among relatively excellent individuals . Therefore , in the information processing apparatus 1 . 
genetic algorithm , not all individuals need to satisfy the 10 As illustrated in FIG . 7 , in the information processing 
constraint conditions . However , with the genetic algorithm , apparatus 1 , hardware such as , for example , the CPU 101 , 
unless the generation alternation advances under the condi- the memory 102 , etc. cooperates organically with the pro 
tion that at least half of populations satisfies the constraint gram 110 to implement various functions including an 
conditions , it is difficult to achieve both the clearing of the information reception unit 111 , an information management 
constraint conditions and the minimization of the objective 15 unit 112 , an individual generation unit 113 , a pre - processing 
function stochastically . In other words , with the genetic unit 114 , an individual evaluation unit 115 , a constraint 
algorithm , when the proportion of nonconformity is large , it condition calculation unit 116 , a result determination unit 
is difficult to obtain an optimal solution while satisfying the 117 , an evaluation change unit 118 , a solution selection unit 
constraint conditions . Therefore , when a majority of indi- 119 , an offset determination unit 120 , an offset addition unit 
viduals in a certain generation satisfy the constraint condi- 20 121 , and an end determination unit 122 . 
tions and when the mutation is due to a complete random Further , as illustrated in FIG . 8 , the information process 
number generation , the information processing apparatus 1 ing apparatus 1 stores , for example , group data 131 and sign 
sets the constraint conditions for each generation while information 132 in the information storage area 130 . 
dynamically changing the constraint conditions , by using the The information reception unit 111 receives , for example , 
evolution of populations of the next generation in a way 25 an optimization calculation process start instruction input by 
satisfying the constraint conditions stochastically . the designer through the operation terminal 2. In addition , 

Further , the information processing apparatus 1 according the information reception unit 111 receives , for example , the 
to the present embodiment determines whether the evalua- group data 131 input by the designer through the operation 
tion result for each individual of the current generation terminal 2. Further , the information reception unit 111 
satisfies the constraint condition value of the current gen- 30 receives , for example , various types of information ( such as 
eration , and determines an offset ( hereinafter , also referred constraint conditions and parameters used for optimization 
to as a predetermined offset ) based on the characteristic of calculation ) input by the designer through the operation 
each individual generated by the mutation ( hereinafter , terminal 2 . the information management unit 112 
referred to as an incident mutation process ) among individu- stores , for example , the group data 131 and various param 
als whose evaluation results satisfy the constraint condition 35 eters ( not illustrated ) received by the information reception 
value of the current generation . Then , the information pro- unit 111 in the information storage area 130 . 
cessing apparatus 1 adds the predetermined offset to a The individual generation unit 113 utilizes a genetic 
random number used to generate each individual of the next algorithm to generate individuals of the current generation 
generation by mutation . with an individual selected in the previous generation as a 

That is , when child individuals are generated by perform- 40 parent individual . That is , the individual generation unit 113 
ing a mutation , the information processing apparatus 1 uses generates new individuals for each generation by genetic 
a random number that creates a distribution with a higher manipulation in the genetic algorithm . Further , the genetic 
probability of satisfying the constraint conditions . manipulation is , for example , a manipulation for performing 
As a result , the information processing apparatus 1 may a crossover or a mutation on relatively good individuals . 

perform an optimization calculation that is efficient and 45 Specifically , the individual generation unit 113 randomly 
easily reproducible even for a problem in which nonconfor- selects an individual ( initial individual ) from the group data 
mity to the constraint condition of each individual is found 131 stored in the information storage area 130 , and performs 
after the evaluation . a genetic manipulation on the selected individual , thereby 

< Hardware Configuration of Information Processing Sys- generating a predetermined number of individuals of the first 
tem > 50 generation . 
Next , a hardware configuration of the information pro- In addition , the individual generation unit 113 selects a 

cessing system 10 will be described . FIG . 7 is a view for parent individual as a genetic manipulation target from 
explaining a hardware configuration of the information individuals selected in the previous generation in the second 
processing apparatus 1 . and subsequent generations . The individual generation unit 
As illustrated in FIG . 7 , the information processing appa- 55 113 selects a parent individual from individuals selected in 

ratus 1 includes a CPU 101 that is a processor , a memory the previous generation by , for example , performing a binary 
102 , an external interface ( I / O unit ) 103 , and a storage tournament selection . The binary tournament is a process of 
medium 104 , all of which are interconnected via a bus 105 . randomly taking a certain number of individuals from the 

The storage medium 104 has , for example , a program individuals selected in the previous generation and selecting 
storage area ( not illustrated ) that stores a program 110 for 60 the most applicable individual among the selected individu 
performing an optimization calculation process . In addition , als as a parent individual . Then , the individual generation 
the storage medium 104 includes , for example , a storage unit unit 113 generates child individuals by performing a cross 
130 ( hereinafter also referred to as an information storage over or a mutation , which is a genetic manipulation , on the 
area 130 ) that stores information to be used to perform the selected parent individual . Thereafter , the information man 
optimization calculation process . Further , the storage 65 agement unit 112 stores information ( hereinafter , also 
medium 104 may be , for example , an HDD ( Hard Disk referred to as sign information 132 ) indicating a sign of a 
Drive ) or an SSD ( Solid State Drive ) . random number used to generate a child individual gener 
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ated by performing a mutation among the child individuals characteristic of each individual is , for example , a sign of a 
generated by the individual generation unit 113 in the random number added to each individual in the mutation . 
information storage area 130. A specific example of the sign Details of the processing by the offset determination unit 120 
information 132 will be described later . will be described later . 
The pre - processing unit 114 corrects each individual of 5 The offset addition unit 121 adds a predetermined offset 

the current generation ( e.g. , a design variable of each to a random number used to generate each individual of the individual ) so as to meet a constraint condition set in next generation by mutation . Details of the processing by the 
advance ( hereinafter , also referred to as a pre - constraint offset determination unit 120 will be described later . 
condition ) among the constraint conditions . The end determination unit 122 determines whether the 

The individual evaluation unit 115 uses a predetermined 10 end condition of the optimization calculation process is 
function to evaluate each individual of the current genera- satisfied . Specifically , the end determination unit 122 deter 
tion . Specifically , the individual evaluation unit 115 per mines whether the current generation that has performed a 
forms a simulation or the like to evaluate the characteristic process has reached the upper limit of the number of 
of each individual of the current generation . The character generations . 
istic of each individual is , for example , a characteristic value 15 
corresponding to an objective function or a characteristic Outline of First Embodiment 
value corresponding to a constraint condition in the optimi 
zation calculation process . Next , the outline of a first embodiment will be described . 

The constraint condition calculation unit 116 sets a con- FIG . 9 is a flowchart for explaining the outline of an 
straint condition value of the current generation based on a 20 optimization calculation process according to a first embodi 
constraint condition value of the generation immediately ment . Specifically , FIG . 9 is a view illustrating a process 
previous to the current generation and a constraint condition performed in the i - th generation . 
provisional value which is achieved by more than half of the As illustrated in FIG . 9 , the information processing appa 
individuals of the current generation . ratus 1 waits until the timing at which the optimization 

In addition , when the current generation is the first 25 calculation process for the i - th generation is executed 
generation , the constraint condition calculation unit 116 sets reaches ( “ NO ” in S1 ) . Specifically , for example , the infor 
a value smaller than the constraint condition provisional mation processing apparatus 1 waits until the designer inputs 
value as a constraint condition value of the first generation . through the operation terminal 2 an instruction to start 
That is , in this case , the constraint condition calculation unit execution of the optimization calculation process . Further , 
116 sets a constraint condition value in such a manner that 30 for example , the information processing apparatus 1 waits 
the proportion of individuals that satisfy the constraint until the execution of the optimization calculation process 
condition increases . for the ( i - 1 ) -th generation is completed . 

The result determination unit 117 determines whether an When the timing at which the optimization calculation 
evaluation result satisfies the constraint condition value of process for the i - th generation is executed reaches ( “ YES ” in 
the current generation for each individual of the current 35 S1 ) , the information processing apparatus 1 generates indi 
generation . viduals of the current generation with an individual selected 

The evaluation change unit 118 performs a change to in the previous generation as a parent individual ( S2 ) . 
reduce the evaluation result of an individual that does not Subsequently , the information processing apparatus 1 
satisfy the constraint condition value of the current genera- uses a predetermined evaluation function to evaluate each 
tion . That is , the evaluation change unit 118 reduces the 40 individual of the current generation ( S3 ) . 
evaluation result of the individual in order to promote the Next , the information processing apparatus 1 calculates a 
cull of the individual that the result determination unit 117 constraint condition value of the current generation based on 
determines to not satisfy the constraint condition value of a constraint condition value of the previous generation and 
the current generation . Specifically , the evaluation change a constraint condition provisional value which is achieved 
unit 118 reduces , for example , the ranking or evaluation 45 by more than half of the individuals of the current generation 
value of the individual that has been determined not to ( S4 ) . 
satisfy the constraint condition . The evaluation change unit Then , the information processing apparatus 1 determines 
118 may delete an individual that has been determined not whether the evaluation result for each individual of the 
to satisfy the constraint condition value . current generation satisfies the constraint condition value of 

The solution selection unit 119 selects , for example , 50 the current generation , and determines a predetermined 
individuals that are solution candidates from individuals that offset based on the attribute of each individual generated by 
have been processed by the result determination unit 117 mutation among the individuals whose evaluation result 
( including individuals that have been further processed by satisfies the constraint condition value of the current gen 
the evaluation change unit 118 ) . Specifically , the solution eration ( S5 ) . 
selection unit 119 selects , for example , a Pareto solution 55 Thereafter , the information processing apparatus 1 adds a 
from an individual that has been processed by the result predetermined offset to a random number used to generate 
determination unit 117 and an individual that is a Pareto each individual of the next generation by mutation ( S6 ) . 
solution candidate in the generation previous to the current As a result , the information processing apparatus 1 may 
generation , and performs a solution candidate selection by perform an optimization calculation that is efficient and 
end cut processing or a solution candidate selection by 60 easily reproducible even for a problem in which nonconfor ranking mity to the constraint condition of each individual is found 

The offset determination unit 120 determines a predeter- after the evaluation . 
mined offset based on the characteristic of each individual 
generated by the mutation by the individual generation unit Details of First Embodiment 
113 among the individuals determined by the result deter- 65 
mination unit 117 that the evaluation result satisfies the Next , details of the first embodiment will be described . 
constraint condition value of the current generation . The FIGS . 10 to 14 are flowcharts for explaining the details of 
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the optimization calculation process according to the first vidual is stored , and a “ random number sign ” in which a 
embodiment . FIGS . 15 to 22 are views for explaining the random number corresponding to each design variable is 
details of the optimization calculation process according to stored . 
the first embodiment . In the following description , it is Specifically , in the sign information 132 illustrated in 
assumed that a variable indicating the generation being 5 FIG . 15 , for example , “ + ” is stored as the " random number 
processed is “ i ” and the initial value of “ i ” is 1 . sign ” in information ( information on the first line ) where the The information reception unit 111 of the information “ individual ” is “ A , ” and the design variable is “ X ( A ) " . processing apparatus 1 waits until the optimization calcula That is , this information indicates that the sign of the random tion processing execution timing reaches , as illustrated in number given to the design variable A of the individual A1 FIG . 10 ( “ NO ” in S11 ) . The optimization calculation process 10 is positive . execution timing may be , for example , a timing when the In addition , in the sign information 132 illustrated in FIG . designer inputs through the operation terminal 2 an instruc 15 , for example , tion to start execution of the optimization calculation pro is stored as the “ random number sign ” 

in information ( information on the second line ) where the 
When the optimization calculation process execution tim- 15 “ individual ” is “ A , ” and the “ design variable ” is “ X ( B ) ” . 

ing reaches ( “ YES ” in S11 ) , the individual generation unit That is , this information indicates that the sign of the random 
113 of the information processing apparatus 1 generates an number given to the design variable B of the individual Al 
evaluation individual of the first generation from the initial is negative . 
individuals included in the group data 131 stored in the Further , in the sign information 132 illustrated in FIG . 15 , 
information storage area 130 ( S12 ) . 20 for example , “ - ” is stored as the “ random number sign ” in 

Specifically , the individual generation unit 113 randomly information ( information on the fifth line ) where the “ indi 
selects an individual from the group data 131 stored in the vidual ” is “ A ” and the “ design variable ” is “ X2 ( A ) " . That 
information storage area 130 and performs a genetic is , this information indicates that the sign of the random 
manipulation on the selected individual , thereby generating number given to the design variable A of the individual A2 
a predetermined number of individuals of the first genera- 25 is negative . Description of other information included in 
tion . More specifically , for example , the individual genera- FIG . 15 is omitted . 
tion unit 113 performs a genetic manipulation on one Next , a specific example of the sign information 132 after 
individual selected from the group data 131 to generate 100 being sorted for each design variable will be described . 
individuals of the first generation . Here , the random number The sign information 132 illustrated in FIG . 16 has , as 
generation is centered on 0 and is executed so that the 30 items , a " design variable ” in which information for identi 
number of positive values is stochastically equal to the fying a design variable of each individual is stored , and a 
number of negative values . " random number sign ” in which a random number corre 

Thereaft the information management unit 112 sorts , sponding to each design variable is stored . 
for each design variable , the sign information 132 of the Specifically , in the sign information 132 illustrated in 
random number used to generate individuals of the first 35 FIG . 16 , for example , “ + ” is stored as the “ random number 
generation in the process of S12 and stores the information sign ” in information ( information on the first line ) where the 
in the information storage area 130 ( S13 ) . “ design variable ” is “ X ( A ) ” . That is , this information 

Specifically , the information management unit 112 speci- indicates that the sign of the random number given to the 
fies an individual generated by performing a mutation design variable A of the individual A is positive . 
among the individuals of the first generation generated in the 40 In addition , in the sign information 132 illustrated in FIG . 
process of S12 . Then , the information management unit 112 16 , for example , “ _ ” is stored as the “ random number sign ” 
stores the sign information 132 of the random number used in information ( information on the second line ) where the 
to generate the specified individual in the information stor- “ design variable ” is “ X2 ( A ) ” . That is , this information 
age area 130 . indicates that the sign of the random number given to the 

Further , the information management unit 112 stores the 45 design variable A of the individual A2 is negative . 
individuals of the first generation generated in the process Further , in the sign information 132 illustrated in FIG . 16 , 
S12 in the information storage area 130 as solution candi- for example , “ _ ” is stored as the “ random number sign ” in 
dates ( not illustrated ) ( S13 ) . Hereinafter , a specific example information ( information on the fifth line ) where the design 
of the sign information 132 will be described . variable ” is “ X , ( B ) ” . That is , this information indicates that 

< Specific Examples of Sign Information > 50 the sign of the random number given to the design variable 
FIGS . 15 and 16 are views for explaining a specific B of the individual A , is negative . Description of other 

example of the sign information 132. Specifically , FIG . 15 information included in FIG . 16 is omitted . 
is a view for explaining a specific example of the sign Referring back to FIG . 10 , the pre - processing unit 114 of 
information 132 before being sorted for each design variable the information processing apparatus 1 performs a pre 
( the sign information 132 in a state of being aggregated for 55 processing on individuals of the i - th generation generated in 
each individual ) . FIG . 16 is a view for explaining a specific the process of S12 or the process of S54 ( to be described 
example of the sign information 132 after being sorted for later ) ( S14 ) . Specifically , the pre - processing unit 114 cor 
each design variable ( the sign information 132 in a state of rects the design variable of each individual of the i - th 
being stored in the information storage area 130 in the generation so that the dimension constraint or the like 
process of $ 13 ) . 60 conforms to a preset pre - constraint condition . 

First , a specific example of the sign information 132 Then , the individual evaluation unit 115 of the informa 
before being sorted for each design variable will be tion processing apparatus 1 performs an evaluation process 
described . on the individuals of the i - th generation that has been 

The sign information 132 illustrated in FIG . 15 has , as pre - processed in the process of S14 ( 515 ) . Specifically , the 
items , an “ individual ” in which information for identifying 65 individual evaluation unit 115 evaluates the characteristic of 
each individual is stored , a " design variable ” in which each individual of the i - th generation by performing , for 
information for identifying a design variable of each indi- example , a simulation . 

of 



' tgt 

1-1 

- 1 
1 

US 11,386,332 B2 
11 12 

Subsequently , the constraint condition calculation unit the i - th generation specified in the process of S22 or S23 is 
116 of the information processing apparatus 1 specifies a larger than a final target constraint condition value Ligt 
constraint condition provisional value L , ' which is achieved ( hereinafter , also referred to as a target constraint value Ligt ) 
by more than half of the individuals of the i - th generation ( S24 ) . 
subjected to the evaluation process in the process of S15 5 As a result , when it is determined that the constraint 
( S16 ) . condition value L? of the i - th generation is larger than the 

Next , as illustrated in FIG . 11 , the constraint condition target constraint value Ligt ( “ YES ” in S24 ) , the constraint 
calculation unit 116 determines whether a process being condition calculation unit 116 specifies the target constraint 
executed in the optimization calculation process is a process value L , as the constraint condition value L ; of the i - th 
for the first generation ( S21 ) . 10 generation ( S25 ) . 
As a result , when it is determined that a process being In the meantime , when it is determined that the constraint 

executed in the optimization calculation process is not a condition value L ; of the i - th generation is not larger than the 
process for the first generation ( “ YES ” in S21 ) , the con- target constraint value Ligt ( “ NO ” in S24 ) , or after the 
straint condition calculation unit 116 uses the following process of S25 , the result determination unit 117 of the 
equation ( 1 ) to specify the constraint condition value L ; of 15 information processing apparatus 1 determines whether the 
the i - th generation ( S22 ) . constraint condition value L? specified in the process of S22 

or the like is satisfied for each individual of the i - th gen 
L = ( 1 - K ) xLi - 1 + KxL ; ( Equation 1 ) eration subjected to the evaluation process in the process of 

In the above equation ( 1 ) , the “ L ; " represents a constraint S15 , as illustrated in FIG . 12 ( S31 ) . A specific example of 
condition value of the current generation ( the i - th genera- 20 the process of S31 will be described below . 
tion ) , and the “ Li - 1 ” represents a constraint condition value < Specific Example of Process of S31 > 
of the previous generation ( the ( i - 1 ) -th generation ) , the “ L ; " " FIG . 17 is a view for explaining a specific example of the 
represents a constraint condition provisional value which is cess of S31 . The example illustrated in FIG . 17 illustrates 
achieved by more than half of the individuals of the current information in which " result ” , which is an item in which 
generation ( the i - th generation ) , and the “ K ” represents an 25 information indicating the result of the process of S31 is 
arbitrary coefficient ( O < Ksl ) related to the progress of stored , is added to the sign information 132 illustrated in 
evolution . FIG . 16. The " O ” indicating that an individual satisfies the 

That is , the constraint condition calculation unit 116 constraint condition value L ; or the “ X ” indicating that an 
dynamically changes the constraint condition for each gen- individual does not satisfy the constraint condition value L? 
eration by using a value which is achieved by more than half 30 is set in the item “ result ” . 
of individuals used to generate individuals of the next Specifically , in the example illustrated in FIG . 17 , the “ X ” 
generation . is stored as " result " in information information on the 

Here , when more than half of the individuals conform second line ) where “ X2 ( A ) ” is stored in “ design variable ” 
the constraint condition , the individuals of the next genera- and information ( information on the sixth line ) where “ X2 
tion evolve in a way to satisfy the constraint condition 35 ( B ) ” is stored in “ design variable ” . That is , the example 
stochastically . Therefore , the constraint condition calcula- illustrated in FIG . 17 represents that the individual Az among 
tion unit 116 takes a trade - off with the calculation amount . the individuals of the i - th generation is an individual that 
For example , a value which is achieved by 60 % or more of does not satisfy the constraint condition . 
the individuals of the current generation or a value which is Referring back to FIG . 12 , the evaluation change unit 118 
achieved by 70 % or more of the individuals of the current 40 of the information processing apparatus 1 performs an 
generation may be used as the constraint condition provi- evaluation changing process for evaluation of the individual 
sional value Li . determined not to satisfy the constraint condition value L? in 

Further , the coefficient “ K ” may be determined based on , the process of S31 among the individuals of the i - th gen 
for example , a relationship between the resource of the eration subjected to the evaluation process in the process of 
information processing apparatus 1 and the calculation time . 45 S15 ( S32 ) . 
The coefficient “ K ” may be set to be the same for all Specifically , the evaluation change unit 118 performs a 
generations , or may be updated for each generation . change to reduce the evaluation result of the individual 
When the coefficient “ K ” is relatively large , the evolution which has been determined not to satisfy the constraint 

of the individuals advances fast . When the coefficient “ K ” is condition value L ; in the process of S31 . A specific example 
relatively small , the evolution of the individuals advances 50 of the process of S32 will be described below . 
relatively slowly . Specifically , for example , when the coef- < Specific Example of Process of S32 > 
ficient K is suppressed to about 0.3 , a stable evolution is FIG . 18 is a view for explaining a specific example of the 
expected , that is , an evolution is expected to advance in a process of S32 . Hereinafter , a case where SPEA2 ( Strength 
way to increase the proportion of individuals that satisfy the Pareto Evolutionary Algorithm - 2 ) is used as a bi - objective 
constraint conditions more . In the meantime , for example , 55 optimization algorithm will be described . In a multi - objec 
when the coefficient “ K ” is increased to about 0.7 , the tive optimization algorithm , a conformity determination is 
evolution is expected to advance relatively quickly , thereby generally performed by giving a ranking to a solution . In this 
shortening the calculation time . case , as the number becomes smaller , the rank becomes 

Referring back to FIG . 11 , when it is determined that the higher , and 0 is the Pareto optimal solution . 
process being executed in the optimization calculation pro- 60 A graph on the left side of FIG . 18 is a diagram for 
cess is a process for the first generation ( “ NO ” in S21 ) , the explaining the results when individuals are plotted by taking 
constraint condition calculation unit 116 specifies a value objective functions as the x - axis ( loss ) and the y - axis 
smaller than the constraint condition provisional value Li ' ( volume ) immediately after a magnetic field simulation . In 
specified in the process of $ 16 , as the constraint condition the example illustrated in the graph on the left side of FIG . 
value L? of the first generation ( S23 ) . 65 18 , shaded plots indicate individuals determined not to 

Subsequently , the constraint condition calculation unit satisfy the constraint condition value L? in the process of 
116 determines whether the constraint condition value L ; of S31 , and white plots indicate individuals determined to 
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satisfy the constraint condition value L? in the process of number ” and “ negative value number ” of information ( e.g. , 
S31 . Further , in the example illustrated in the graph on the X ( A ) or X ( A ) ) corresponding to the design variable A , 
left side of FIG . 18 , a number indicating the ranking of which is stored in " design variable ” . 
evaluation values is written on the right shoulder of each Further , in the information illustrated in FIG . 19 , “ PB " and 
plot . " Qo ” are respectively stored in “ positive value number ” and 

As illustrated in the graph on the left side of FIG . 18 , in “ negative value number ” of information ( e.g. , X1 ( B ) or SPEA2 , individuals ( e.g. , individuals I , and I ) that have no X2 ( B ) corresponding to the design variable B , which is 
or less other solutions in the lower left have a higher stored in “ design variable ” . Description of other information evaluation and a smaller index called ranking . However , for included in FIG . 19 is omitted . example , the individuals l_ and 12 have a relatively high 10 Then , in the process of S34 , for example , the offset ranking even when the individuals do not satisfy the con determination unit 120 refers to the information illustrated in straint condition value L ;. In the meantime , for example , an 
individual 14 has a low evaluation even when the individual FIG . 19 to calculate , for each design variable , the proportion 
satisfies the constraint condition value L? . of design variables of individuals which have been deter 
Therefore , as illustrated in the graph on the right side of 15 mined to satisfy the constraint condition value L? in the 

FIG . 18 , for example , the evaluation change unit 118 process of S31 among the design variables with the positive 
excludes individuals that do not satisfy the constraint con sign specified in the process of S33 ( hereinafter , also 
dition . Specifically , the information processing apparatus 1 referred to as a first proportion ) . 
gives rankings to the remaining individuals after excluding Specifically , for example , as illustrated in FIG . 19 , when 
individuals that are below the constraint condition value L ;. 20 the number stored in the “ positive value number ” column 
Specifically , as illustrated in the graph on the right side of corresponding to each of the design variables A to Jis P 
FIG . 18 , the evaluation change unit 118 excludes individuals the offset determination unit 120 calculates PA - HaA- N ( here 
I1 , I2 , and Iz whose inductance is smaller than the constraint inafter , also denoted as SA - 1 ) as the first proportion corre 
condition value L? . As a result , in the example illustrated in sponding to each of the design variables A to J. 
the graph on the right side of FIG . 18 , individuals 14 , 16 , and 25 Further , in the process of S34 , for example , the offset 
I , whose inductance is equal to or greater than the constraint determination unit 120 refers to the information illustrated in 
condition value L? are Pareto optimal solutions . FIG . 19 to calculate , for each design variable , the proportion 
As described above , the evaluation change unit 118 inten- of design variables of evaluation individuals which have 

tionally gives a large ( bad ) evaluation to individuals that do been determined to satisfy the constraint condition value L ; 
not satisfy the constraint condition , thereby facilitating the 30 in the process of S31 among the design variables with the 
cull of individuals . negative sign specified in the process of S33 ( hereinafter , 

Referring back to FIG . 12 , the offset determination unit also referred to as a second proportion ) . 
120 of the information processing apparatus 1 refers to the Specifically , for example , as illustrated in FIG . 19 , when 
sign information 132 stored in the information storage area the number stored in the “ negative value number ” column 
130 to specify , for each design variable , the sign of an 35 corresponding to each of the design variables A to J is QA - J 
individual determined to satisfy the specific constraint con- the offset determination unit 120 calculates QA - / ( 1 - a4 - J ) N 
dition value L ; in the process of S22 or the like among the ( hereinafter , also denoted as TA - 1 ) as the second proportion 
individuals subjected to the evaluation process in the process corresponding to each of the design variables A to J. 
of S15 ( 533 ) . Thereafter , the offset determination unit 120 determines 

Then , the offset determination unit 120 determines an 40 an offset corresponding to a design variable having the first 
offset for each design variable from the proportion of the proportion which is larger than the second proportion among 
sign specified in the process of S33 ( S34 ) . A specific offsets na- , corresponding respectively to the design vari 
example of the process of S34 will be described below . ables A to J as an offset having a positive offset amount . In 

< Specific Example of Process in S34 > addition , the offset determination unit 120 determines an 
FIG . 19 is a view for explaining a specific example of the 45 offset corresponding to a design variable having the second 

process of S34 . The example illustrated in FIG . 19 illustrates proportion which is larger than the first proportion among 
information where “ positive value number ” in which the offsets na- , corresponding respectively to the design vari 
number of design variables with the positive sign specified ables A to J as an offset having a negative offset amount . 
in the process of S33 , which are design variables of indi- Specifically , for example , when S , is larger than T? , the 
viduals determined to satisfy the constraint condition value 50 offset determination unit 120 determines the offset na cor 
L ; in the process of S31 , is stored for each design variable , responding to the design variable A as an offset having a 
and “ negative value number ” in which the number of design positive offset amount . For example , when SA is smaller than 
variables with the negative sign specified in the process of T4 , the offset determination unit 120 determines the offset 
S33 , which are design variables of individuals determined to na corresponding to the design variable A as an offset having 
satisfy the constraint condition value L? in the process of 55 a negative offset amount . 
S31 , is stored for each design variable , are added to the Similarly , for example , when Sg is larger than Tg , the 
information illustrated in FIG . 17 . offset determination unit 120 determines the offset no cor 

In the following description , it is assumed that the number responding to the design variable B as an offset having a 
of child individuals generated by mutation is N and the positive offset amount . For example , when Sg is smaller than 
proportion of positive values of random numbers given to 60 TB , the offset determination unit 120 determines the offset 
design variables A to J , respectively , is 24 - s . That is , for no corresponding to the design variable B as an offset having 
example , it is assumed that the number of positive value a negative offset amount . 
random numbers given to the design variable A is a N and Further , in the process of S34 , the offset determination 
the number of negative value random numbers given to the unit 120 may determine the offset amount of the offset NA - J 
design variable A is ( 1 - a2 ) N . 65 corresponding to each design variable , in accordance with , 

Specifically , in the information illustrated in FIG . 19 , for example , a difference between the first proportion and 
“ P2 ” and “ Q , ” are respectively stored in “ positive value the second proportion . A specific example of a method of 
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determining the offset amount of the offset NA- , correspond- < Details of Process of $ 53 > 
ing to each design variable will be described below . FIG . 21 is a view for explaining details of the process of 

< Specific Example of Method of Determining Offset S53 . Specifically , FIG . 21 is a plot of the distribution state 
Amount > of a design variable C in the optimization calculation 

FIGS . 20A to 20D are views for explaining a specific 5 process that requires calculation of the 32nd generation until 
example of a method of determining the offset amount of the the target constraint value Ligt reaches . In the example 
offset na corresponding to the design variable A. illustrated in FIG . 21 , descriptions will be given assuming 

Specifically , for example , as illustrated in FIG . 20A , the that the number of individuals in each generation is 100 . 
offset determination unit 120 may determine the offset As illustrated in FIG . 21 , while the constraint condition is 
amount so that the offset amount of the offset na is propor- 10 being updated ( between the first generation and the 32nd 
tional to the difference between SA and TA : generation ) , the value of the design variable C is changing 

In addition , for example , as illustrated in FIG . 20B , the in a globally increasing way ( i.e. , in one way ) . For this 
offset determination unit 120 may set an upper / lower limit reason , the information processing apparatus 1 may use a 
for the offset amount of the offset na : random number that may be shifted in a way satisfying the 

Further , for example , as illustrated in FIGS . 20C and 20D , 15 constraint condition rather than a uniform random number 
the offset determination unit 120 may set the offset amount when performing a mutation on an individual , to determine 
of the offset na to o ( i.e. , a dead zone ) until the absolute that the constraint condition may be satisfied with smaller 
value of the difference between SA and T? exceeds a prede number of generations . 
termined value . Thus , in the process of S53 , the offset addition unit 121 

Referring back to FIG . 12 , the solution selection unit 119 20 may add the offset determined in the process of S34 to the 
of the information processing apparatus 1 selects Pareto random number used to generate the individuals of the next 
solutions from the individuals subjected to the evaluation generation to generate a random number that may be shifted 
process in the process of S15 and the solution candidates in a way further satisfying the constraint condition . 
( individuals as Pareto solution candidates in the previous Referring back to FIG . 14 , the individual generation unit 
generation ) stored in the information storage area 130 ( S35 ) . 25 113 performs a genetic manipulation including a mutation 

Then , as illustrated in FIG . 13 , the solution selection unit using the random number added with an offset in the process 
119 determines whether the number of Pareto solutions of S52 to generate individuals of the i - th generation ( the next 
selected in the process of S35 is equal to or larger than the generation ) ( S54 ) . 
predetermined number of solution candidates ( hereinafter , Specifically , for example , the individual generation unit 
also referred to as an archive number ) ( S41 ) . 30 113 performs a binary tournament selection to select a parent 
As a result , when the number of Pareto solutions selected individual . Then , the individual generation unit 113 per 

in the process of S35 is equal to or larger than the number forms a crossover or a mutation on the selected parent 
of solution candidates ( “ YES ” in S41 ) , the solution selection individual generate the individuals of the next generation . 
unit 119 performs a solution candidate selection based on Further , the information management unit 112 stores the 
ranking ( S42 ) . 35 sign information 132 of the random number used to generate 

In the meantime , when the number of Pareto solutions the individuals in the process of 854 in the information 
selected in the process of S35 is smaller than the number of storage area 130 ( S55 ) . Thereafter , the information process 
solution candidates ( “ NO ” in S41 ) , the solution selection ing apparatus 1 performs the processes subsequent to S14 
unit 119 performs a solution candidate selection by end cut again . 
processing ( S43 ) . When an update interval of the constraint condition value 

Thereafter , the end determination unit 122 of the infor- L? ends ( when the constraint condition value L? of the i - th 
mation processing apparatus 1 determines whether the num- generation has reached the target constraint value Ligi ) , the 
ber of generations subjected to an optimization calculation information processing apparatus 1 may stop using the 
process has reached a predetermined upper limit ( S44 ) . random number added with the offset na- , and start using a 
As a result , when it is determined that the number of 45 zero - centered uniformly distributed random number . In 

generations subjected to the optimization calculation pro- addition , when the constraint condition value L ; of the i - th 
cess has reached the upper limit ( “ YES ” in S44 ) , the generation approaches the target constraint value Ligt to a 
information processing apparatus 1 ends the optimization certain extent , the information processing apparatus may 
calculation process . In this case , the information processing stop using the random number added with the offset na - jand 
apparatus 1 may output a solution candidate selected in the 50 start using a zero - centered uniformly distributed random 
last generation to the operation terminal 2 or the like as an number . 
optimal solution . < Application Results > 

In the meantime , when it is determined that the number of Next , descriptions will be made on results when the 
generations subjected to the optimization calculation pro- optimization calculation process according to the present 
cess has not reached the upper limit ( “ NO ” in S44 ) , the end 55 embodiment is applied to the optimization of the shape of an 
determination unit 122 adds 1 to i , as illustrated in FIG . 14 inductor core . FIG . 22 is a view for explaining results when 
( S51 ) . the optimization calculation process according to the present 

Thereafter , the information management unit 112 stores embodiment is applied to the optimization of the shape of an 
the solution candidates selected in the process of S42 or the inductor core . Specifically , FIG . 22 is a view for explaining 
like in the information storage area 130 ( S52 ) . That is , the 60 an update profile when the optimization calculation process 
information management unit 112 archives the solution is performed 
candidates selected in the process of S42 or the like . In the example illustrated in FIG . 22 , it is assumed that the 

Then , the offset addition unit 121 of the information number of individuals in each generation is 100 and the 
processing apparatus 1 adds the offset determined in the number of individuals used to generate individuals of the 
process of S34 to the random number used to generate the 65 next generation ( the archive number ) is 50. In the example 
individuals of the i - th generation ( the next generation ) illustrated in FIG . 22 , it is also assumed that the target 
( S53 ) . Details of the process of S53 will be described below . constraint value Lief is 45 ( UH ) . In the example illustrated in 
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FIG . 22 , a solid line indicates an update profile when the substitutions , and alterations could be made hereto without 
optimization calculation process according to the present departing from the spirit and scope of the invention . 
embodiment is performed , and a broken line indicates an 
update profile when an optimization calculation process of What is claimed is : 
the related art ( as disclosed in Japanese Laid - Open Patent 5 1. An optimization calculation method , comprising : Publication No. 2014-160399 ) is performed . generating , by a computer , individuals of a current gen Specifically , the example indicated by the broken line in eration with an individual selected in a previous gen FIG . 22 illustrates that the optimization calculation process eration as a parent individual by using an algorithm that of the related art requires calculation of the 60th generation obtains an optimal solution while generating a plurality or more until the constraint condition value L? reaches the 10 of individuals for each generation , each of the plurality target constraint value Ligt . In the meantime , the example 
indicated by the solid line in FIG . 22 illustrates that the of individuals being an element of an electric device 
optimization calculation process according to the present and the optimal solution indicating an optimal dimen 
embodiment requires only calculation of the 30th generation sion of the element of the electric device ; 
or less until the constraint condition value L? reaches the 15 evaluating , by the computer , each individual of the current 
target constraint value Ligt generation by using a predetermined evaluation func 

That is , the example illustrated in FIG . 22 illustrates that tion ; 
the optimization calculation process according to the present calculating , by the computer , a constraint condition value 
embodiment may make the constraint condition value L ; of the current generation based on a constraint condi 
reaching the target constraint value Ligt faster than that of the 20 tion value of the previous generation and a constraint 
related art . Therefore , the information processing apparatus condition provisional value which is achieved by more 
1 may use the optimization calculation process according to than half of the individuals of the current generation , 
the present embodiment to reduce the number of calcula- the constraint condition value indicating an upper limit 
tions more than conventional . value and a lower limit value of a dimension of the 
As described above , the information processing apparatus 25 element of the electric device ; 

1 according to the present embodiment uses an algorithm determining , by the computer , whether a result of the such as a genetic algorithm of fining an optimal solution evaluation for each individual of the current generation while evolving a plurality of individuals for each generation , satisfies the constraint condition value of the current thereby generating individuals of the current generation with 
individuals selected in the previous generation as a parent 30 generation ; 
individual . Then , the information processing apparatus 1 determining , by the computer , a predetermined offset 

based on an attribute of each individual , which is uses a predetermined evaluation function to evaluate each 
individual of the ent generation . eafter , the infor generated by a mutation generating process that gen 
mation processing apparatus 1 calculates the constraint erates a mutation of a child individual , among indi 
condition value of the current generation based on the 35 viduals having the evaluation results that satisfies the 
constraint condition value of the previous generation and the constraint condition value of the current generation , the 
constraint condition provisional value which is achieved by attribute of each individual indicating a sign of a 
more than half of the individuals of the current generation . random number added to each individual in the muta 

Further , the information processing apparatus 1 according tion generating process ; and 
to the present embodiment determines whether the evalua- 40 adding , by the computer , the predetermined offset to the 
tion result for each individual of the current generation random number used to generate each individual of a 
satisfies the constraint condition value of the current gen- next generation by the mutation generating process . 
eration , and determines a predetermined offset based on the 2. The optimization calculation method according to 
attribute of each individual generated by mutation among claim 1 , further comprising : 
individuals having evaluation results satisfying the con- 45 storing the sign of the random number corresponding to 
straint condition value of the current generation . Then , the each individual generated by the mutation generating information processing apparatus 1 adds the predetermined process among the individuals of the current generation offset to random number used to generate each individual in a memory , and of the next generation by mutation . determining the predetermined offset by referring to the As a result , the information processing apparatus 1 may 50 sign stored in the memory . perform an optimization calculation that is efficient and 3. The optimization calculation method according to easily reproducible even for a problem in which nonconfor claim 2 , further comprising : mity to the constraint condition of each individual is found 
after the evaluation . calculating a first proportion and a second proportion , the 

According to an aspect of the embodiments , an efficient 55 first proportion being a proportion of individuals that 
and easily reproducible optimization calculation may be satisfies the constraint condition value of the current 
implemented generation among individuals with a positive sign 

All examples and conditional language recited herein are stored in the memory , the second proportion being a 
intended for pedagogical purposes to aid the reader in proportion of individuals that satisfies the constraint 
understanding the invention and the concepts contributed by 60 condition value of the current generation among indi 
the inventor to furthering the art , and are to be construed as viduals with a negative sign stored in the memory ; 
being without limitation to such specifically recited determining the predetermined offset as an offset having 
examples and conditions , nor does the organization of such a positive offset amount when the first proportion is 
examples in the specification relate to an illustrating of the larger than the second proportion ; and 
superiority and inferiority of the invention . Although the 65 determining the predetermined offset as an offset having 
embodiments of the present invention have been described a negative offset amount when the second proportion is 
in detail , it should be understood that the various changes , larger than the first proportion . 
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4. The optimization calculation method according to 8. The information processing apparatus according to 
claim 3 , further comprising : claim 7 , wherein the processor is further configured to : 

determining an offset amount of the predetermined offset determine an offset amount of the predetermined offset in 
in accordance with a difference between the first pro accordance with a difference between the first propor 
portion and the second proportion . tion and the second proportion . 

5. An information processing apparatus , comprising : 9. A non - transitory recording medium having stored 
a memory ; and therein a program that causes a computer to perform a 
a processor coupled to the memory and the processor process , the process comprising : 

configured to : generating individuals of a current generation with an 
generate individuals of a current generation with an individual selected in a previous generation as a parent 

individual selected in a previous generation as a parent individual by using an algorithm that obtains an opti 
individual by using an algorithm that obtains an opti- mal solution while generating a plurality of individuals 
mal solution while generating a plurality of individuals for each generation , each of the plurality of individuals 
for each generation , each of the plurality of individuals being an element of an electric device and the optimal 
being an element of an electric device and the optimal solution indicating an optimal dimension of the ele 
solution indicating an optimal dimension of the ele- ment of the electric device ; 
ment of the electric device ; evaluating each individual of the current generation by 

evaluate each individual of the current generation by using a predetermined evaluation function ; 
using a predetermined evaluation function ; calculating a constraint condition value of the current 

calculate a constraint condition value of the current gen generation based on a constraint condition value of the 
eration based on a constraint condition value of the previous generation and a constraint condition provi 
previous generation and a constraint condition provi- sional value which is achieved by more than half of the 
sional value which is achieved by more than half of the individuals of the current generation , the constraint 
individuals of the current generation , the constraint 25 condition value indicating an upper limit value and a 
condition value indicating an upper limit value and a lower limit value of a dimension of the element of the 
lower limit value of a dimension of the element of the electric device ; 
electric device ; determining whether a result of the evaluation for each 

determine whether a result of the evaluation for each individual of the current generation satisfies the con 
individual of the current generation satisfies the con straint condition value of the current generation ; 
straint condition value of the current generation ; determining a predetermined offset based on an attribute 

determine a predetermined offset based on an attribute of of each individual , which is generated by a mutation 
each individual , which is generated by a mutation generating process that generates a mutation of a child 
generating process that generates a mutation of a child individual , among individuals having the evaluation 
individual , among individuals having the evaluation results that satisfies the constraint condition value of 
results that satisfies the constraint condition value of the current generation , the attribute of each individual 
the current generation , the attribute of each individual indicating a sign of a random number added to each 
indicating a sign of a random number added to each individual in the mutation generating process ; and 
individual in the mutation generating process ; and adding the predetermined offset to the random number 

add the predetermined offset to the random number used used to generate each individual of a next generation by 
to generate each individual of a next generation by the the mutation generating process . 
mutation generating process . 10. The non - transitory recording medium according to 

6. The information processing apparatus according to claim 9 , the process further comprising : 
claim 5 , wherein the processor is further configured to : storing the sign of the random number corresponding to 

store the sign of the random number corresponding to each individual generated by the mutation generating 
each individual generated by the mutation generating process among the individuals of the current generation process among the individuals of the current generation in a memory , and 
in the memory , and determining the predetermined offset by referring to the 

determine the predetermined offset by referring to the sign 50 sign stored in the memory . stored in the memory . 11. The non - transitory recording medium according to 7. The information processing apparatus according to claim 10 , the process further comprising : claim 6 , wherein the processor is further configured to : calculating a first proportion and a second proportion , the calculate a first proportion and a second proportion , the 
first proportion being a proportion of individuals that 55 first proportion being a proportion of individuals that 

satisfies the constraint condition value of the current satisfies the constraint condition value of the current 
generation among individuals with a positive sign generation among individuals with a positive sign 
stored in the memory , the second proportion being a stored in the memory , the second proportion being a 
proportion of individuals that satisfies the constraint proportion of individuals that satisfies the constraint 
condition value of the current generation among indi- 60 condition value of the current generation among indi 
viduals with a negative sign stored in the memory ; viduals with a negative sign stored in the memory ; 

determine the predetermined offset as an offset having a determining the predetermined offset as an offset having 
positive offset amount when the first proportion is a positive offset amount when the first proportion is 
larger than the second proportion ; and larger than the second proportion ; and 

determine the predetermined offset as an offset having a 65 determining the predetermined offset as an offset having 
negative offset amount when the second proportion is a negative offset amount when the second proportion is 
larger than the first proportion . larger than the first proportion . 
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12. The non - transitory recording medium according to 

claim 11 , the process further comprising : 
determining an offset amount of the predetermined offset 

in accordance with a difference between the first pro 
portion and the second proportion . 5 
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